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NETWORK LOCATION SIGNATURE FOR 
DISAMBIGUATING MULTICAST MESSAGES 
IN DUAL-IP STACK AND/OR MULTI-HOMED 

NETWORK ENVIRONMENTS 

TECHNICAL FIELD 

The present invention relates to networking protocols for 
device connectivity, and more particularly relates to disam 
biguating device and/or service announcements and other 
messages in dual protocol stack, multi-homed and like 
networking environments. 

BACKGROUND 

Universal Plug and Play (UPnP) is an architecture for 
pervasive peer-to-peer netWork connectivity of intelligent 
appliances, Wireless devices, and personal computers (PCs) 
of all form factors. (See, e.g., “Universal Plug and Play 
Device Architecture, Version 1.0,” Microsoft Corporation 
(June 2000), and other documents available from the Uni 
versal Plug and Play Forum, such as at WWW.upnp.org on the 
Internet.) UPnP is designed to bring easy-to-use, ?exible, 
standards-based connectivity to ad-hoc or unmanaged net 
Works Whether in the home, in a small business, public 
spaces, or attached to the Internet. UPnP is a distributed, 
open netWorking architecture that leverages TCP/IP and 
various other Intemet/Web technologies to enable seamless 
proximity netWorking in addition to control and data transfer 
among netWorked devices in the home, of?ce, and public 
spaces. 
UPnP technology is broad in scope in that it targets home 

netWorks, proximity netWorks, and netWorks in small busi 
nesses and commercial buildings. It enables data commu 
nication among devices under the command of any device 
on the netWork. UPnP technology is independent of any 
particular operating system, programming language, or 
physical medium. 

The UPnP architecture supports Zero-con?guration net 
Working and automatic discovery Whereby a device can 
dynamically join a netWork, obtain an IP address, announce 
its name, convey its capabilities upon request, and learn 
about the presence and capabilities of other devices and 
services. DHCP and DNS servers are optional and are only 
used if they are available on the netWork. A device can leave 
a netWork smoothly and automatically Without leaving any 
unWanted state information behind. 
UPnP uses multicast to send device and service announce 

ments onto the netWork. In UPnP, a device is conceptually 
a container of services, and multicasts announcements of 
each of the services it contains. Accordingly, for expository 
convenience, the term “device” in this document refers to 
both devices and services. As a neW UPnP-enabled device 
becomes available on a netWork, the device sends an 
announcement that includes an address of the device on the 
netWork along With the device’s identity. On netWorks using 
Internet Protocol, version 4 (IPv4), an address is associated 
With an interface of a netWork node (e.g., a computer or 
other netWorked computing device). One or more UPnP 
enabled devices may be hosted on a netWork node (such as 
a PC). A UPnP-enabled device also may exist as a netWork 
node independent of any host PC. A Universal Serial Num 
ber (USN) uniquely identi?es each UPnP-enabled device, 
Whether an independent device or residing on the host. 
When the address changes, the UPnP device sends another 
announcement With the same USN but With the neW IPv4 
address. 
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2 
In the UPnP device architecture, a Control Point (CP) 

caches the netWork address of announced devices. Upon 
receiving a ?rst multicast announcement With a device’s 
USN, the Control Point stores the netWork address speci?ed 
for the device USN in the announcement in a cache entry. As 
soon as the Control Point (CP) sees a neW announcement 

coming from the same device (same USN) (e.g., after an 
address change), the Control Point deletes a previous cached 
entry and stores an entry With the latest netWork address for 
the device USN. 

In some scenarios, such as Where the UPnP device resides 
on a dual stack and/ or multi-homed netWork node, there may 
be multiple netWork addresses associated With the UPnP 
enable device. In Which case, the UPnP-enabled device may 
multi-cast announcements With the different netWork 
addresses, although its location on the netWork has not 
changed. Recent developments in netWorking and computer 
usage create an increasing trend toWards multi-stack, multi 
homed netWork environments. 

For example, many computing devices are noW being 
designed and deployed With support for both Internet Pro 
tocol version 6 (IPv6), as Well as IPv4. IPv6 is a “next 
generation” protocol designed by the Internet Engineering 
Task Force (IETF) to replace the current IPv4 protocol. IPv6 
?xes a number of problems in IPv4, such as the limited 
number of available IPv4 addresses. It also adds many 
improvements to IPv4 in areas such as routing and netWork 
auto-con?guration. IPv6 is expected to gradually replace 
IPv4, With the tWo coexisting for a number of years during 
a transition period. During this transition, many netWork 
nodes may provide both IPv4 and IPv6 protocol stacks, so 
that the node can communicate With both IPv4 and IPv6 
nodes on its netWork. Such nodes that provide more than one 
protocol stack are herein referred to as having “dual stacks.” 
UPnP devices hosted on such nodes generally Will send 
announcements of both its IPv4 address and IPv6 address 
(es) (so as to announce itself to both IPv4- and IPv6 
equipped Control Points). 
As another example, some nodes provide multiple inter 

faces to attach to separate netWorks or netWork segments 
(e.g., an Ethernet adapter for connecting to a local area 
netWork (LAN), an IEEE 802.11b (Wi-Fi) card, an adapter 
for poWer-line or phone-line home netWorking, a Bluetooth 
interface, an IEEE 1394 (FireWire) interface, and etc.). This 
alloWs the node to operate simultaneously on multiple 
netWork segments, such as a Bluetooth-based “personal area 
netWork,” a Wired LAN or home netWork, and a commercial 
Wireless netWork. Such nodes With interfaces to multiple 
netWorks or netWork segments are herein referred to as 
“multi-homed.” In IPv6, as in IPv4, addresses are associated 
With an interface and not a node itself. In addition in IPv6, 
there can be numerous addresses associated With an inter 
face, and there could be numerous interfaces associated With 
a node. Numerous interfaces associated With a node also can 
be true for multi-homed IPv4 nodes, Which Will generally 
have a separate IPv4 address for each interface. UPnP 
devices hosted on multi-homed nodes generally also Will 
send announcements of the addresses associated With each 
of its node’s interfaces, so as to announce itself to Control 
Points on each of the netWorks. 
A problem arises With UPnP devices hosted on such 

multi-homed and/or dual stack nodes, in that UPnP Control 
Points that also are multi-homed and/or dual stack may 
receive the announcements of multiple addresses valid 
across multiple scopes for the UPnP device. The Control 
Point then is unable to differentiate an announcement sent 
over a separate netWork segment or protocol stack versus an 
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announcement sent When the IP address of the UPnP device 
has changed. In accordance With conventional Control Point 
behavior, every neW announcement therefore is interpreted 
as representing a device address change, Which then causes 
the Control Point to replace its cached entry for the UPnP 
device. In a best case scenario, the same UPnP device’s 
announcements sent across different netWork segments 
causes annoying ?icker at the Control Point, as the Control 
Point repeatedly replaces its valid cached entries for the 
UPnP device. (An application user interface (UI) on the 
Control Point displaying UPnP devices present on the net 
Work typically updates With each cache entry added or 
removed). In some Worse case scenarios, the netWork traf?c 
unnecessarily increases, such as if the Control Point receives 
an announcement While already in the process of doWnload 
ing the description document speci?ed by the previous 
equally valid announcement. This situation can also expose 
some timing issues and race conditions. The bottom line is 
that netWork resources are used unnecessarily, and the user 
experience suffers. 

This problem is not limited to the UPnP device architec 
ture, but also can be encountered in other networking 
technologies that use multicast for device announcements 
and/or discovery. 

SUMMARY 

In accordance With a technique described herein, a ?eld is 
added to multicast messages to disambiguate Whether a 
device’s location has actually changed or there simply are 
multiple valid netWork addresses (e.g., due to being dual 
stack/multi-homed). Again, for expository convenience, the 
term “device” as used herein refers to a device or a service. 

In one implementation described herein, this ?eld (called a 
“network location signature”) is a globally unique identi?er 
associated With a set of addresses on Which a device is 
active. The netWork location signature ?eld of the device 
remains unchanged so long as this set of addresses remains 
active. When there is a change to the netWork con?guration 
(in particular, to the device’s set of active addresses), the 
device changes its netWork location signature. 

The netWork node includes the netWork location signature 
?eld in its multicast messages, such as device announce 
ments (e. g., discovery advertisements and search responses). 
Accordingly, When a dual stack/multi-homed node sends 
device announcements With its active addresses onto differ 
ent protocol stacks or netWork segments, the multicast 
device announcements include the same netWork location 
signature. Other devices (e.g., controllers or control points) 
can then distinguish that the address in the multicast mes 
sage is an additional active address, and the device’s net 
Work con?guration has not changed. Upon the device’s 
active addresses changing, the device includes a neW net 
Work location signature associated With the changed set of 
addresses in its multicast messages. Other devices can then 
distinguish based on the changed netWork location signature 
in the device’s multicast messages that the device’s netWork 
con?guration has changed. 

With the netWork location signature ?eld, a controller or 
control point device creates a cache entry for the device 
upon receiving a ?rst multicast announcement for the 
device. The controller or control point can keep this cached 
entry upon receiving subsequent multicast messages from 
the device having the same netWork location signature ?eld, 
since the initial address remains active. When a multicast 
message from the device With a changed netWork location 
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4 
signature is received, the controller or control point replaces 
the cached entry for the device. 

Additional features and advantages of the invention Will 
be made apparent from the folloWing detailed description of 
embodiments that proceeds With reference to the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of dual stack/multi-homed 
devices in a netWork device architecture in Which a netWork 
location signature is used to disambiguate multicast mes 
sages. 

FIG. 2 is a table listing shoWing sets of active netWork 
addresses associated With a netWork location signature for a 
device in the device architecture of FIG. 1. 

FIG. 3 is a table listing shoWing a neW netWork location 
signature associated With a set of active netWork addresses 
after a netWork con?guration change in the device architec 
ture of FIG. 1. 

FIG. 4 is a How diagram of a process of controlled device 
operation in the netWork device architecture of FIG. 1 for 
sending multicast device announcements With a netWork 
location signature ?eld. 

FIG. 5 is a How diagram of a process of control point 
operation in the netWork device architecture of FIG. 1 using 
the netWork location signature ?eld to ef?ciently maintain 
cached controlled device entries. 

FIG. 6 is a How diagram of an addressing method at start 
or boot up of a device in an exemplary UPnP implementa 
tion of the netWork device architecture of FIG. 1. 

FIG. 7 is a block diagram of an example of dual stack/ 
multi-homed devices according to the UPnP implementation 
of the netWork device architecture. 

FIG. 8 is a block diagram of a suitable computing device 
environment for devices in the netWork device architecture 
of FIG. 1. 

DETAILED DESCRIPTION 

The folloWing description is directed to inclusion of a 
netWork location signature to resolve the multicast message 
ambiguity in multi-stack, multi-homed netWork environ 
ments. The description presents an exemplary application of 
this technique in a device connectivity architecture or pro 
tocol, such as a variation of UPnP employed in a dual-stack 
(IPv4 and IPv6), multi-homed netWork environments. HoW 
ever, the netWork location signature technique is not limited 
to UPnP, and can be adapted or applied in various other 
device connectivity architectures and protocols. 

1. Device Connectivity Architecture OvervieW 
FIG. 1 illustrates a general device connectivity architec 

ture 100 having dual-stack, multi-homed devices 110*111. 
In the general device connectivity architecture, the devices 
110*111 are netWorked via one or more netWorking media 

120*121, such as netWork Wiring (e.g., for an Ethernet or 
other local area netWork (LAN), a home phone line or poWer 
line netWork, a FireWire (IEEE 1394), universal serial bus 
(USB), or etc.), ?ber optic cabling, Wireless transceivers 
(e.g., for a Bluetooth, Wi-Fi (IEEE 801.11b), or other 
Wireless data netWork) or the like. The netWork can encom 
pass a personal area netWork of devices carried by or Worn 
on a person, a local area netWork of devices in a locale, or 
a Wide area netWork (such as the Internet or other geographi 
cally dispersed data netWork). The devices 110*111 can be 
any variety of device With embedded computing and net 
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Working capabilities, including Without limitation audio/ 
video or other multimedia recording/transmitting/receiving/ 
or presenting device (broadcast receivers, televisions, video 
players, cameras, etc.), computers (personal, Workstation, 
server, handheld, laptop, tablet, or other mobile), telephones, 
of?ce equipment (printers, copiers, scanners, fax), security 
systems, home appliances (lighting, heating, ventilation, air 
conditioning, door openers, kitchen appliances, etc.), as a 
feW general examples. 

The devices 110*111 each implement a device connec 
tivity protocol 130*131, such as UPnP, via Which the 
devices can interoperate. Devices that expose their function 
ality to control by other devices via UPnP are termed 
“controlled devices.” On the other hand, devices through 
Which a user interacts via UPnP to control other devices are 
termed “control points.” In the general device connectivity 
architecture 100, the devices 110*111 can operate as either 
or both controlled devices and control points. For example, 
an audio or video player may expose stop/play/fast forWard/ 
reWind/skip operations via UPnP, and Would be termed a 
controlled device. The same player could also provide a 
screen and input buttons for user interaction, and operate as 
a UPnP control point for its user. In addition, some physical 
devices (e.g., a personal computer) can operate as a host for 
multiple logical controlled devices (e.g., a media player, an 
electronic messaging device, an electronic book reader, 
etc.), such as may be implemented as software programs 
running on the computer. As previously mentioned, the term 
“device” also is used herein to refer to services implemented 
on a physical device, Which are announced in multicast 
messages. 

The devices 110*111 include networking protocol stacks 
140*143 for communicating over data netWorks With other 
devices. In the general device connectivity architecture 100, 
the devices 110*111 can include multiple protocol stacks to 
support communication via multiple netWorking protocols. 
For example, each of the devices 110*111 can include an 
IPv4 netWorking protocol stack 140*141, and an IPv6 
netWorking protocol stack 142*143. The general device 
architecture also can include single stack devices that sup 
port a single netWorking protocol, as Well as devices that 
include multiple stacks for any variety or combination of 
netWorking protocol, including non-Internet protocols. 

The devices 110*111 also include netWork interfaces 
150*153 for interfacing With the netWorks 120*121. In 
general, the netWork interfaces 150*153 are the physical or 
hardWare interfaces to the netWorks, such as a netWork 
interface card (NIC) or adapter for physically interfacing 
With the netWork media. The devices also can include 
various logical interfaces provided over a physical netWork 
interface, such as a virtual private netWork (VPN), unicast, 
Point-To-Point Tunneling Protocol (PPTP) on a single NIC. 
With physical interfaces on multiple netWorks, the devices 
are present on each of the netWorks and can interact With 
other devices on each of the netWorks (i.e., the devices are 
multi-homed). For example, a cell phone can have interfaces 
for interfacing to a commercial Wireless data netWork, as 
Well as to a Bluetooth personal area netWork or a Wi-? local 
area netWork. 

The devices 110*111 can have more than one of the 
netWorking protocol stacks 120*121 operating over each 
netWork interface 150*153. For example, both IPv4 and 
IPv6 netWorking protocols can be bound on each one of the 
device’s NICs. 

In circumstances Where the device is dual-stack and/or 
multi-homed, the device can be assigned multiple netWork 
addresses. For example, With both IPv4 and IPv6 protocol 
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6 
stacks active on both NICs, the devices 110*111 may each 
have a set of active netWork addresses that include an IPv4 
address and IPv6 addresses (e.g., IPv6 link local and site 
local addresses) for each of its NICs. For IPv6, three scopes 
of unicast addresses are de?ned for devices, including 
link-local, site-local and global. Automatic address assign 
ment in IPv6 uses the MAC address of NICs to build 
link-local unicast addresses. Site-local addresses are built 
When a router announces the site-local pre?x. This ability 
removes the dependency on the Dynamic Host Con?gura 
tion Protocol (DHCP), Which is generally used in IPv4 
netWorks for automatic local address assignment. Link-local 
addresses are valid only in link-local scopes and are not 
propagated by routers. Common UPnP usage scenarios are 
geared toWard home users (home netWorks, ad hoc net 
Works) and enterprise users (managed netWorks), and there 
fore generally use only link-local and site-local addresses. 
Accordingly, in one implementation, UPnP devices may use 
IPv6 link-local and site-local addresses. 

In the device architecture 100, the devices 110*111 oper 
ating UPnP 130*131 over tWo protocols introduces the 
possibility that the same device may advertise over both 
protocols (With its respective address(es) for the protocol), 
and further that a device operating as a control point under 
UPnP that also supports the tWo protocols Will receive UPnP 
advertisements and search response from the device via both 
protocols. Further, With multiple netWork interfaces 
150*153, the devices 110*111 also may multicast UPnP 
advertisements separately to both netWorks, and control 
points also operating on both netWorks may receive the 
devices’ advertisements and search response from the 
respective devices via both netWorks. Accordingly, devices 
operating as UPnP control points may receive advertise 
ments of multiple addresses for a same device over separate 
netWork interfaces and protocol stacks, creating an ambigu 
ity as to Whether a previously advertised address for the 
device remains active. 

2. NetWork Location Signature 
With reference to FIG. 2, the device connectivity protocol 

130*131 implemented in the dual-stack/multi-homed 
devices 110*111 (FIG. 1) resolves the ambiguity by includ 
ing a ?eld (herein termed a “netWork location signature”) in 
its multicast controlled device advertisements (e.g., in a 
header ?eld of the device advertisements). The devices use 
this same netWork location signature for multicast messages 
sent on all of its interfaces and stacks, and When advertising 
any of its addresses. The netWork location signature ?eld is 
a value associated With a set of the currently active netWork 
addresses for a controlled device. The devices change their 
netWork location signature When their netWork con?guration 
(in particular, their set of active addresses) changes. This 
enables recipients of the multicast messages to discern 
Whether an advertised address on a separate stack or inter 

face is in addition to its formerly advertised addresses, or is 
a neW address to replace the former address(es). 

In one implementation of the invention, the netWork 
location signature can be in the form of a hash value 
computed by the device as a hashing function of its active 
addresses. In one example, a 128-bit hash value is used for 
the netWork location signature. In other implementations, 
the netWork location signature can be in the form of a 
globally unique identi?er (GUID), Which may be generated 
in the device using a conventional GUID generator function. 
In still other implementations, the device can generate the 
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network location signature as the value of a counter, that the 
device increments on any change in its netWork con?gura 
tion. 

FIG. 2 illustrates an example of netWork location signa 
tures associated With a set of active addresses for the devices 
110*111. In this example, the device 110 is identi?ed in 
multicast messages of the device connectivity protocol by a 
universal serial number (USN), Which is shoWn symboli 
cally in FIG. 2 as USN-1. The device 110 also has a netWork 
location signature associated With a current netWork con 
?guration (set of active addresses) for the device. In this 
case, the device 110 currently is con?gured With a set of 
addresses (six total), including an IPv4 addresses (symboli 
cally shoWn as IPv4-1 and IPv4-2), and link local and site 
local IPv6 addresses (symbolically shoWn as IPv6LL-l, 
IPv6LL-2, IPv6SL-1 and IPv6SL-2) for each of its inter 
faces. The device 111 similarly is identi?ed With a USN 
(symbolically illustrated as USN-2), and has a netWork 
location signature-associated With its current netWork con 
?guration of addresses (symbolically represented as IPv4-3, 
IPv4-4, IPv6LL-3, IPv6LL-4, IPv6SL-3 and IPv6SL-4de 
vices 110*111 include their respective netWork location 
signatures When advertising different of their addresses on 
separate stacks or interfaces to clarify that their netWork 
con?guration is unchanged. 

The devices 110*111 change their netWork location sig 
nature upon any change to their netWork con?guration, such 
as When any of their addresses change. FIG. 4 illustrates an 
example Where the active address set for the device 110 has 
changed due to the disconnection of its second NIC, so that 
the addresses on the second interface (i.e., IPv4-2, IPv6LL 
2, and IPv6SL-2 in this example) are no longer valid. The 
device 110 then generates a neW netWork location signature 
(NLS-l') to be associated With its neW netWork con?guration 
(i.e., its noW active set of addresses, IPv4-l, IPv6LL-l, 
IPv6SL-1). The device then uses this neW netWork location 
signature for subsequent device advertisements. 

3. General Controlled Device Operation 
FIG. 4 illustrates a general method of operation of the 

devices 110*111 When operating as a controlled device in 
the general device architecture 100. In general, as shoWn at 
action 410, the controlled device ?rst con?gures addresses 
for use With the various protocol stacks 140*143 and net 
Work interfaces 150*153 of the device on Which it resides. 
The controlled device then generates a netWork location 
signature to represent the device’s netWork con?guration 
having the con?gured set of addresses at action 411. 

With the controlled device’s addresses having been con 
?gured and its netWork location signature generated, the 
controlled device is then ready to send multicast device 
advertisements of its addresses via respective protocol 
stacks and netWork interfaces. In these device advertise 
ments, the controlled device includes the netWork location 
signature as shoWn at action 412 to enable control points to 
disambiguate the controlled device’s advertisements of dif 
ferent addresses on separate protocol stacks and netWork 
interfaces. As indicated at action 413, the controlled device 
continues to use the same netWork location signature so long 
as the netWork con?guration remains unchanged. 

In the case of a change in the controlled device’s netWork 
con?guration, the controlled device recon?gures the 
addresses for its protocol stacks and netWork interfaces, as 
needed, at action 414. At action 415, the controlled device 
generates a neW netWork location signature to be associated 
With the recon?gured addresses. The controlled device noW 
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uses this neW netWork location signature When sending 
subsequent device advertisements at action 412. 

4. General Control Point Operation 
FIG. 5 illustrates a general method of operation of the 

devices 110*111 When operating as a control point in the 
general device architecture 100. At a ?rst action 510 in this 
general method 500, the control point device receives a 
device advertisement multicast from a controlled device 
(e.g., as per action 412 in the general controlled device 
operation 400 in FIG. 4). The device advertisement includes 
a netWork location signature, device identi?er (such as the 
universal serial number in the UPnP protocol) and address 
for the controlled device, Which the control point device 
parses from the multicast messages at action 513. 
The control point device then checks its cache entries for 

an entry having the parsed device identi?er (e.g., USN) at 
action 512. If this is the ?rst device advertisement received 
With the device identi?er, the control point creates a neW 
cache entry at action 513 for the controlled device, Where the 
control point device stores the device’s netWork location 
signature and address. 

If the control point device already has a cache entry for 
the device identi?er, the control point device checks Whether 
the netWork location signature in the neWly received device 
advertisement matches that in the cache entry (Which Was 
received in a previous advertisement from the controlled 
device) at action 514. If the netWork location signature has 
changed, indicating the controlled device’s netWork con 
?guration changed since the last device advertisement 
received from that controlled device, then the control point 
device replaces the prior cache entry at action 515. The 
replacement cache entry stores the netWork location signa 
ture and address received in the current device advertise 
ment, and deletes addresses received from any prior device 
advertisements of the controlled device. 

Otherwise, if the netWork location signature remains 
unchanged, the control point device can disregard the 
address in the neWly received device advertisement at action 
516. The control point device can continue using the address 
previously stored from a previous device advertisement 
from the controlled device, because the unchanged netWork 
location signature indicates that the controlled devices’ 
netWork con?guration has not changed since the previous 
device advertisement received from that controlled device. 
Alternatively, Where the address in the current device adver 
tisement differs from that in the control point device’s cache 
entry for the controlled device, the control point device can 
store this address as an additional address for the controlled 
device. 
The control point device performs this general operation 

method 500 again upon receiving further multicast device 
advertisements from controlled devices over any of its 
protocol stacks and netWork interfaces. 

After the general operation method 500, the control point 
device can access the controlled device (e.g., in description, 
presentation or control phases of the device connectivity 
protocol) using the address or addresses stored in control 
point device’s cache entry for the controlled device. If the 
control point device stores additional advertised addresses 
for a controlled device instead of disregarding at action 516, 
the control point device can select an appropriate one of the 
addresses in the cache entry to access the controlled device. 

5. UPnP Implementation 
In one exemplary implementation, the device connectivity 

architecture 100 (FIG. 1) employs UPnP as the device 
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connectivity protocol, on devices that may have IPv4 and 
IPv6 protocol stacks and one or more network interfaces. 

In this implementation, the UPnP device connectivity 
protocol supports link-local addresses and scopes via IPv6 
stacks as its default con?guration. Accordingly, the UPnP 
device connectivity protocol 130*131 of the devices listens 
and broadcasts its simple service discovery protocol (SSDP) 
announcements on a link-local scope multicast address on 

the IPv6 protocol stack (e.g., [FF02::C]). Further, this UPnP 
implementation provides the ability to support subnet scope 
([FF03::C]), administrative scope ([FF04zzC] and site-local 
scope ([FF05::C]) on the IPv6 protocol stack. If a higher 
scope is selected, the device supports the higher scope in 
addition to the link-local scope. The UPnP implementation 
can use scooping of IPv6 addresses to control the propaga 
tion of UPnP messages instead of relying on a “Hop Limit” 
(similar to the TTL limit in IPv4). In this UPnP implemen 
tation, the Hop Limit is set to 255, and the routers on the 
netWorks 120*121 decide hoW far to propagate the message. 

The exemplary UPnP implementation also provides the 
ability to select Which interface or interface each device or 
host uses for UPnP connectivity. If not con?gured, all 
interfaces are included by default. In the case of multiple 
logical devices being hosted on a device host (e.g., multiple 
softWare-implemented devices hosted on a personal com 
puter), the interface and scope choices may apply to the 
device or to the device host. For example, multiple logical 
devices on a device host may have a same selection of 
interfaces. 

The exemplary UPnP implementation includes the net 
Work location signature as a ?eld in SSDP message headers 
for announcements. The device sends its current netWork 
location signature in this NLS ?eld in announcements on 
every interface on Which it is active, and changes its netWork 
location signature value Whenever its netWork con?guration 
changes. 

Link-local Scope 
Link-local scope is the default mode for the exemplary 

UPnP implementation over the IPv6 networking protocol. 
The device chooses the set of link-local addresses to be used. 
The default value is one link-local address per interface. In 
case more than one link-local address is available for any 

particular interface, the device selects one for that interface; 
devices should endeavor to use the same address as previ 
ously used if possible. 

Site-local Scope 
In the exemplary UPnP implementation of the device 

connectivity architecture 100, a human administrator for the 
netWork and/or devices explicitly con?gures the devices 
110*111 for site-local support. The administrator speci?es 
the scope in Which UPnP devices are to be active. If the 
scope is not speci?ed, the default value Will be to use 
link-local scope only. 

If site-local scope support is speci?ed, the device attempts 
to obtain a site-local address during initialiZation by sending 
a router solicitation message and then executing a site-local 
address con?guration sequence. Unless a particular subset of 
interfaces is speci?ed, UPnP 130*131 communicates on all 
interfaces. If more than one site-local address is available on 
any particular interface, or across a set of interfaces, and 
they are all valid in the same site for the speci?ed scope, then 
UPnP selects one for all speci?ed interfaces; devices should 
endeavor to use the same address as previously used if 
possible. If site-local addresses belong to tWo or more 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
different sites, then UPnP selects one site-local address for 
each site and computes a separate NLS for addresses belong 
ing to each site. 
The devices send up to three announcements per interface, 

one using the IPv4 address, the second using the link-local 
IPv6 address, and the third using the site-local address. 

Controlled Device Operation 
In the exemplary UPnP implementation of the device 

connectivity architecture 100, the dual-stack devices 
110*111 advertise as controlled devices using the same 
device identi?er or universal serial number (USN) on both 
IPv4 and IPv6 protocol stacks 140*143 only if the device 
description document and presentation resources of the 
respective controlled device are substantially identical on 
both protocols. If there is any difference in the behavior of 
the controlled device beyond the base URL When operating 
on IPv6 versus IPv4, the controlled device should be adver 
tised as tWo separate devices With separate USNs. (The base 
URL is a uniform resource locator (URL) speci?ed in the 
device’s description document, and serves as a base to Which 
the names of other resources in the description document are 
appended to yield the URLs at Which those respective 
resources can be retrieved. In the event that the description 
document does not specify the base URL for the device, then 
the value of the location ?eld in the SSDP header (described 
beloW) is used as the base URL for the device’s resources.) 
The device determines the services to be advertised on 
different addresses. For example, advertising a schema for 
an Internet GateWay Device on IPv6 addresses may not be 
useful, in Which case the device does not advertise via the 
IPv6 protocol stack even Where hosted on a physical device 
With dual stacks. 

Control Point Operation 
In cases Where the dual-stack, multi-homed devices 

110*111 operate as a control point, the control point may 
receive advertisements of different addresses for a single 
UPnP controlled device sent over multiple netWork inter 
faces. Where a controlled device advertises on multiple 
netWorks, multiple addresses, or multiple interfaces, the 
control points that receive these multiple advertisements 
preferably displays the controlled device only once in their 
control point user interface. 
When acting as a UPnP control point, the devices 110*111 

rely on the NLS and USN ?elds of SSDP advertisements 
from a controlled device to identify and discard duplicate 
advertisements. If the values of the NLS and USN ?elds 
match in advertisements of different addresses, the control 
point determines that the subsequently advertised address is 
in addition to the previous advertised address of the device. 
The control point can cache multiple addresses for a con 
trolled device advertised With matching NLS and USN ?eld 
values, or discard the additional addresses. Further, the 
control point can use any of the advertised addresses adver 
tised With matching NLS and USN ?elds to access the 
respective controlled device, such as to retrieve its device 
description or presentation page, or communicate control 
commands. Upon receiving a further advertisement from the 
controlled device With a matching USN value and different 
NLS ?eld value, the control point determines that the 
netWork con?guration of the controlled device has changed, 
and replaces the cached address for that controlled device 
With the address speci?ed in the neWly received advertise 
ment. 

Accordingly, regardless of Which netWork interface or 
stack, from What address, and hoW many announcements a 
control point receives, the control point is able to unam 



US 7,069,312 B2 
11 

biguously determine that they belong to the same device. 
This improves the user experience by eliminating unneces 
sary “?icker” of the control point user interface that can 
occur When the device display is updated. 
Upon receiving a “device bye-bye” communication from 

a controlled device on either IPv4 or IPv6 stacks, the control 
point removes its cache entry for the controlled device from 
its cache. 

Addressing 

In the exemplary UPnP implementation, UPnP 130*131 
on the devices 110*111 may support addressing by the IPv4 
or IPv6 networking protocol stacks 140*143, or both. In 
most devices, the addressing Will likely be performed by the 
IPv6 stack and do not require any programming in the UPnP 
device connectivity protocol layer 130*131. 

In the exemplary UPnP implementation, UPnP controlled 
devices and control points support the folloWing IPv6 
addresses and ports: 
One link-local unicast address per interface 
One site-local unicast addresses per site (if a router is 

present) 
A unicast loopback address [zzl] for the loopback inter 

face 
A node-local scope all-nodes multicast address [FF01::1] 
A link-local scope all-nodes multicast address [FF02::1] 
One or more multicast addresses for joined groups 

The devices also support the SSDP de?ned multicast 
address: [FFOX::C]:1900. [FFOX::0:0:0:0:0:0:C] is an 
IANA-allocated, variable scope, multicast address reserved 
for SSDP. 

Ports used by UPnP 130*131 in IPv4 are reused in IPv6. 
UPnP also uses the same SSDP multicast port assignment of 
1900. Alternative implementations may use other port val 
ues. 

FIG. 6 illustrates a general boot/startup method of con 
?guring addresses for the devices 110*111 in the exemplary 
UPnP implementation of the device connectivity architec 
ture 100. 

At indicated at action 610 during start-up/boot-up of the 
UPnP device, the UPnP device begins initialiZing IPv4 
and/or IPv6 addresses for its protocol stacks/netWork inter 
faces. 

At action 611, the UPnP device con?gures IPv4 addresses 
for its netWork interface using the Auto-IP addressing, as 
described (inter alia) in “Universal Plug and Play Device 
Architecture, Version 1.0,” Microsoft Corporation (June 
2000). With Auto-IP addressing, a domain name server 
(DNS) is not required to be present on the netWork. The 
Auto-IP addressing thus permits the UPnP device to con 
?gure its IPv4 address on ad-hoc netWorks, such as in home 
settings Where a domain name server is not present. 
At action 612, for IPv6 addressing, the UPnP device 

enumerates through all its interfaces, and checks the registry 
for scope and interface settings. The UPnP device then 
proceeds to automatically con?gure the IPv6 addresses for 
the interfaces in actions 612*621 according to these scope 
and interface settings. As indicated in actions 612, 621, the 
UPnP device repeats the actions 613*620 separately for each 
interface. 

At action 613, the UPnP device derives a tentative IPv6 
link-local address (FE80::/64+64 bit Interface ID) for the 
current interface. The UPnP device then sends a multicast 
neighbor solicitation to ensure uniqueness of this tentative 
link-local address. As indicated at actions 615, 616, the 
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UPnP device con?gures the tentative address as its IPv6 
link-local address on the interface if no reply to the multicast 
neighbor solicitation is received. HoWever, if a reply is 
received, the IPv6 auto-con?guration sequence stops and 
manual con?guration is normally performed. Alternatively, 
the UPnP may provide for attempting to con?gure ran 
domly-generated addresses as the IPv6 link-local address on 
the interface. 

If site-local scope is speci?ed for the UPnP device in the 
scope settings, The UPnP device then attempts to obtain a 
site-local address at actions 618*620. The UPnP device 
sends a router solicitation message over the interface at 
action 619. In some UPnP device implementations, the 
action 619 can be performed prior to the neighbor solicita 
tion at action 614 to optimiZe address auto-con?guration 
performance. The UPnP device then executes the site-local 
address con?guration sequence per the IPv6 netWorking 
protocol With the router. 

Discovery 

For the discovery phase in the exemplary UPnP imple 
mentation, the UPnP device connectivity protocol 130*131 
in the devices 110*111 sends device advertisements of IPv4 
and/or IPv6 addresses for the controlled devices. These 
device advertisements are a modi?ed form of the device 
advertisements described in “Universal Plug and Play 
Device Architecture, Version 1.0,” Microsoft Corporation 
(June 2000), in that the location ?eld can contain an IPv6 
address as Well as IPv4 addresses. Further, the device 
advertisements include a neW netWork location signature 
?eld. The IPv6 addresses sent in discovery messages (in 
cluding those in discovery messages, the <URLBase> ele 
ment of the device description, and HTTP and GENA HOST 
headers) generally are literal addresses formatted according 
to R. Hinden, B. Carpenter, and L. Masinter, “Format for 
Literal IPv6 Addresses in URL’s,” RFC 2732, The Internet 
Society (1999). The netWork location signature ?eld is 
added in message headers of simple service discovery 
protocol (SSDP) messages to alloW control points to recog 
niZe When a message received on a different protocol or 
address is referring to the same device as opposed to a being 
a neW advertisement from a device Whose address has 
changed. 

Advertisement 
For IPv6 addresses, the controlled devices operating 

under UPnP 130*131 on the devices 110*111 advertise 
according to the folloWing guidelines: 

Controlled devices send SSDP announcements to [FFOX:: 
C]:1900. Control points listen to these addresses and 
ports to detect When neW devices are available on the 
netWork. 

The SSDP LOCATION header contains the URL of the 
root device description document. Typically, a literal 
address is used. When multiple IPv6 addresses are 
available, UPnP chooses one in link-local scope per 
interface and one in site-local scope per host for each 
site. 

The controlled devices advertise one link-local address 
for each interface 

The controlled devices advertise one site-local address for 
each unique site per host. 

Global addresses are not advertised. 

For both IPv4 and IPv6 announcements, the neW SSDP 
NLS extension header ?eld contains a “signature” of the 
current state of host addresses used by UPnP. The same NLS 
value is sent in all advertisements and search responses sent 
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by the device; this allows a control point to use the NLS 
?eld, in addition to the USN ?eld, to recognize the 
announcements as originating in a single device regardless 
of the network, address, or protocol over Which the 
announcements Were sent. 

The SSDP HOST header typically contains a literal IPv6 
address, formatted according to R. Hinden, B. Carpenter, 
and L. Masinter, “Format for Literal IPv6 Addresses in 
URL’s,” RFC 2732, The Internet Society (1999), folloWed 
by a port Without using the bracket plus colon notation. In 
the LOCATION ?eld, an IPv6 address is contained Within 
brackets if a port is speci?ed. The examples beloW incor 
porate this syntax. 
An example of a device advertisement of an IPv6 address 

for a controlled device has the folloWing form: 
NOTIFY * HTTP/ 1.1 

HOST: [FF05::C]:1900 
CACHE-CONTROL: max-age:1600 
LOCATION: http://[FECO:: 1] :80/desc.xml 
OPT: “http://schemas.upnp.org/upnp/1/0/”; ns:01 
01-NLS: netWork location signature 
NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 
Listed beloW are details for the altered and added header 

?elds appearing in the listing above. In the example listed 
above and others throughout this section, HTTP header 
values are case sensitive. 

HOST. The “HOST” header ?eld is a required ?eld in the 
exemplary UPnP implementation. The multicast address and 
port are registered for SSDP by Internet Assigned Numbers 
Authority (IANA). For IPv6, an address is of the form 
[FFOX::C]. This is a variable scope multicast address Where 
X is changed to represent the appropriate scope. For 
example, Where a scope of 2 is used for link local, a device 
advertising on the local link Would use an address [FF02::C]. 
The port defaults to 1900; it is 1900 if provided. 
LOCATION. The “LOCATION” header ?eld is a required 

?eld in the exemplary UPnP implementation. This is a single 
URL to the root device description, speci?ed by the UPnP 
device vendor. For IPv6, the URL uses a host address valid 
Within the current scope (the address or scope on Which the 
announcement is being sent). 
OPT and NLS. The “OPT” and “NLS” ?elds are required 

in the exemplary UPnP implementation for IPv6, and for 
IPv4 if the device is also being advertised over IPv6. This is 
de?ned by the HTTP Extension FrameWork. The NLS 
header contains a string value Which changes Whenever the 
netWork con?guration of the device changes (e.g., if any of 
the assigned or calculated IP addresses change). A GUID can 
be conveniently used as the value of the NLS header ?eld for 
this purpose, since UPnP devices already have the ability to 
generate GUIDs. Alternatively, other techniques for gener 
ating the NLS ?eld value are possible. In the exemplary 
UPnP implementation, the NLS value is at least 1 and no 
more than 64 bytes in length. The OPT header ?eld is used 
because it is technically possible for a control point to 
function Without recogniZing the header, although the user 
experience Will be less than optimal (and existing IPv4 
control points Will not recogniZe it). 

Advertisement: Device Unavailable 
When a device and its services are going to be removed 

from the netWork, the device should multicast an “ssdp: 
byebye” message corresponding to each of the “ssdp:alive” 
messages it previously multicasted that have not already 
expired. Similarly, if an interface change noti?cation is 
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received after an announcement, the device should cancel 
existing advertisements. An example of such “ssdp:byebye” 
message is as folloWs: 
NOTIFY * HTTP/ 1.1 

HOST: [FF05::C]:1900 
OPT: “http://schemas.upnp.org/upnp/1/0/”; ns:01 
01-NLS: netWork location signature 
NT: search target 
NTS: ssdp:byebye 
USN: advertisement UUID 
Furthermore, the devices should remember their prior IP 

addresses in the event that some or all of their addresses 
have changed. If that is the case, neW advertisements have 
to be sent, using the same sequence described above. 

Search 
When a control point is added to the netWork, it sends a 

multicast search request (“M-SEARCH”) on the IPv4, IPv6 
or both stacks 1404143. By default, searches are sent only in 
link-local scope on all interfaces; searches may also be sent 
on one or more of the site-local scopes. Aside from using an 
IPv6 multicast address, the M-SEARCH search request 
messages are unchanged from the format described in “Uni 
versal Plug and Play Device Architecture, Version 1.0,” 
Microsoft Corporation (June 2000). An example of an 
M-SEARCH message has the folloWing syntax. 
M-SEARCH * HTTP/ 1.1 

HOST: [FF05::C]:1900 
MAN: “ssdp:discover” 
MX: seconds to delay response 
ST: search target 
The search messages do not contain the NLS ?eld. In 

alternative implementations of the device connectivity 
architecture 100, the NLS ?eld can be added to search 
messages in order to reduce the multicast traf?c and have the 
devices respond only once to the search request message 
even if sent by the control point over multiple addresses, 
netWorks, or interfaces. HoWever, this alternative implemen 
tation adds complexity in the controlled device to cache and 
compare NLS values from control points, Which contradicts 
the design objective that the controlled devices have mini 
mal state or are stateless. 

Response 
To be found, a controlled device sends a response to the 

source IP address and port of the control point that sent the 
search request to the multicast channel. 

In the exemplary UPnP implementation, responses by the 
controlled device to the search request message are inten 
tionally parallel to advertisements, and as such, folloW the 
same pattern as listed for NOTIFY With ssdp:alive (above), 
including the NLS header ?eld. The only difference is the 
NT header, Which is an ST headerhere. An example search 
response is sent in the folloWing format. 
HTTP/ 1.1 200 OK 
CACHE-CONTROL: max-age:1600 
DATE: 20 Apr. 2002 
EXT: 

LOCATION: http://[FECO::1]:80/desc.xml 
OPT: “http://schemas.upnp.org/upnp/1/0/”; ns:01 
01-NLS: netWork location signature 
NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 
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EXAMPLE 

To illustrate the exemplary UPnP implementation of the 
device connectivity architecture 100, FIG. 7 shows a simple 
example 700 of two personal computers (PC A 710 and PC 
B 711). In this example, PC A operates as the UPnP device, 
and PC B is the control point. Both PCs support IPv4 and 
IPv6, each has two Network Interface Cards (NICs) 
720*723, and both are on the same network 740. NICs 1 and 
2 belong to PC A and NiCs 3 and 4 to PC B. More 
speci?cally, the PCs can be two laptops in a corporate 
network 740, each with an 802.3 and an 802.11 NIC, where 
802.3 NICs are plugged into the hub 730. 

During the initialiZation process (as shown in FIG. 6 and 
described above), three distinct types of addresses interest 
ing for UPnP are associated with each NIC: an IPv4 address, 
a Link-Local IPv6 address and a Site-Local IPv6 address. If 
there are multiple addresses of each type, UPnP randomly 
select one in each type. For NIC 1, they are labeled v4 1, 
v6LL 1 and v6SL 1, in this example; for NIC 2 they are 
labeled v4 2, v6LL 2 and v6SL 2 and so on. 
A further step in the initialiZation process is selection of 

addresses to be used for UPnP. The selection is done 
depending on the host and network con?guration. Following 
are several variations. 

Default Con?guration 
The default con?guration includes only Link-Local 

addresses across all active NICs. For this example, PC A 710 
includes v4 1, v6LL1, v4 2 and v6LL 2 addresses. The 
network location signature is computed based on these 4 
addresses, and the NLS ?eld carries this same signature until 
any of these four addresses change. Since the UPnP network 
con?guration includes only the v4 and link local addresses, 
changes in other addresses, such as site-local and global do 
not affect the NLS value. 
PC AiThe Device 
After initialiZation, the device residing on PC A sends 

announcements out on both NICs and on both IPv4 and IPv6 
stacks. In particular, PC A sends announcements of its IPv4, 
IPv6 link local for NIC 1 out of NIC1. 

For the IPv4 announcement, PC A in this example sends 
the following advertisement. The SSDP LOCATION header 
of the announcement contains a URL using the literal IPv4 
address. The NLS extension header ?eld contains a network 
location signature (X), which is a 128-bit hash of all active 
addresses for the chosen scope and for the chosen NICs, 
including the addresses: v4 1, v6LL 1, v4 2, and v6LL 2. 

Packet I: Example advertisement for the device out of 
NIC1: 
NOTIFY * HTTP/ 1.1 

HOST: Multicast Address:1900 
CACHE-CONTROL: max-age:1600 
LOCATION: http://v4 1:80/desc.xml 

NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 

For an IPv6 announcement, PC A in this example sends 
the following advertisement. The SSDP LOCATION header 
contains the location of the device URL, using the v6LL 1 
address. The NLS header again contains the same network 
location signature Q(), the 128-bit hash of all active 
addresses for the chosen scope and for the chosen NICs, 
including: v4 1, v6LL 1, v4 2 and v6LL 2 addresses. 
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Packet II: Example advertisement for the device out of 

NIC1: 
NOTIFY * HTTP/ 1.1 
HOST: Multicast Address:1900 
CACHE-CONTROL: max-age:1600 
LOCATION: http://[v6LL 1]:80/desc.xml 

NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 
PC A in this example also sends announcements out of 

NIC2 721. For an IPv4 announcement, PC A send the 
following advertisement. The SSDP LOCATION header 
contains a URL using the literal IPv4 address. The NLS 
header also contains the same network location signature 
Q(), the 128-bit hash of all active addresses for the chosen 
scope and for the chosen NICs, including v4 1, v6SL 1, v4 
2 and v6 2 addresses. 

Packet III: Example advertisement for the device out of 
NIC2: 
NOTIFY * HTTP/ 1.1 
HOST: Multicast Address:1900 
CACHE-CONTROL: max-age:1600 
LOCATION: http://v4 2:80/desc.xml 

NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 
For an IPv6 announcement on NIC2, PC A sends the 

following advertisement. The SSDP LOCATION header 
contains the location of the device URL: v6LL2. The NLS 
header contains yet again the same signature X. 

Packet IV: Example advertisement for the device out of 
NIC2: 
NOTIFY * HTTP/ 1.1 
HOST: Multicast Address:1900 
CACHE-CONTROL: max-age:1600 
LOCATION: http://[v6LL 2]:80/desc.xml 

NT: search target 
NTS: ssdp:alive 
SERVER: OS/version UPnP/ 1.0 product/version 
USN: advertisement UUID 
PC BiThe Control Point 
Because PC B also is connected on the same network 

segments and uses both IPv4 and IPv6 protocol stacks, the 
Control Point (CP) on PC B receives all four announcements 
from PC A. Since all packets contain the same USN and the 
same network location signature, the control point deter 
mines that these are just different announcements for the 
same device coming from different network links. If any of 
the addresses on PC A change, PC A recomputes the 
signature and sends new announcements of its active 
addresses. 

6. Computing Environment 
The above described techniques for resolving multicast 

messaging ambiguities for dual-stack/multi-homed devices 
in the device connectivity architecture 100 (FIG. 1) can be 
performed on any of a variety of networked computing 
devices, including audio/video or other multimedia record 
ing/transmitting/receiving/or presenting devices (broadcast 
receivers, televisions, video players, cameras, etc.), comput 
ers (personal, workstation, server, handheld, laptop, tablet, 
or other mobile), telephones, of?ce equipment (printers, 
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copiers, scanners, fax), security systems, home appliances 
(lighting, heating, ventilation, air conditioning, door open 
ers, kitchen appliances, etc.), as a few general examples. The 
techniques for multicast messaging using a network location 
signature for device connectivity can be implemented in 
hardware circuitry, as well as in device connectivity and 
networking software 880 executing within a computer or 
other computing environment, such as shown in FIG. 8. 

FIG. 8 illustrates a generaliZed example of a suitable 
computing environment 800 in which the described tech 
niques can be implemented. The computing environment 
800 is not intended to suggest any limitation as to scope of 
use or functionality of the invention, as the present invention 
may be implemented in diverse general-purpose or special 
purpose computing environments. 

With reference to FIG. 8, the computing environment 800 
includes at least one processing unit 810 and memory 820. 
In FIG. 8, this most basic con?guration 830 is included 
within a dashed line. The processing unit 810 executes 
computer-executable instructions and may be a real or a 
virtual processor. In a multi-processing system, multiple 
processing units execute computer-executable instructions 
to increase processing power. The memory 820 may be 
volatile memory (e.g., registers, cache, RAM), non-volatile 
memory (e.g., ROM, EEPROM, ?ash memory, etc.), or 
some combination of the two. The memory 820 stores 
software 880 implementing the device connectivity and 
networking protocols, including the multicast messaging 
using the network location signature. 
A computing environment may have additional features. 

For example, the computing environment 800 includes 
storage 840, one or more input devices 850, one or more 
output devices 860, and one or more communication con 
nections 870. An interconnection mechanism (not shown) 
such as a bus, controller, or network interconnects the 
components of the computing environment 800. Typically, 
operating system software (not shown) provides an operat 
ing environment for other software executing in the com 
puting environment 800, and coordinates activities of the 
components of the computing environment 800. 

The storage 840 may be removable or non-removable, 
and includes magnetic disks, magnetic tapes or cassettes, 
CD-ROMs, CD-RWs, DVDs, or any other medium which 
can be used to store information and which can be accessed 
within the computing environment 800. The storage 840 
stores instructions for the device connectivity and network 
ing software 880. 

The input device(s) 850 (e.g., for devices operating as a 
control point in the device connectivity architecture 100) 
may be a touch input device such as a keyboard, mouse, pen, 
or trackball, a voice input device, a scanning device, or 
another device that provides input to the computing envi 
ronment 800. For audio, the input device(s) 850 may be a 
sound card or similar device that accepts audio input in 
analog or digital form, or a CD-ROM reader that provides 
audio samples to the computing environment. The output 
device(s) 860 may be a display, printer, speaker, CD-writer, 
or another device that provides output from the computing 
environment 800. 

The communication connection(s) 870 enable communi 
cation over a communication medium to another computing 
entity. The communication medium conveys information 
such as computer-executable instructions, audio/video or 
other media information, or other data in a modulated data 
signal. A modulated data signal is a signal that has one or 
more of its characteristics set or changed in such a manner 
as to encode information in the signal. By way of example, 
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and not limitation, communication media include wired or 
wireless techniques implemented with an electrical, optical, 
RF, infrared, acoustic, or other carrier. 
The device connectivity and messaging techniques herein 

can be described in the general context of computer-readable 
media. Computer-readable media are any available media 
that can be accessed within a computing environment. By 
way of example, and not limitation, with the computing 
environment 800, computer-readable media include memory 
820, storage 840, communication media, and combinations 
of any of the above. 
The techniques herein can be described in the general 

context of computer-executable instructions, such as those 
included in program modules, being executed in a comput 
ing environment on a target real or virtual processor. Gen 
erally, program modules include routines, programs, librar 
ies, objects, classes, components, data structures, etc. that 
perform particular tasks or implement particular abstract 
data types. The functionality of the program modules may be 
combined or split between program modules as desired in 
various embodiments. Computer-executable instructions for 
program modules may be executed within a local or distrib 
uted computing environment. 

For the sake of presentation, the detailed description uses 
terms like “determine,” “generate, adjust,” and “apply” to 
describe computer operations in a computing environment. 
These terms are high-level abstractions for operations per 
formed by a computer, and should not be confused with acts 
performed by a human being. The actual computer opera 
tions corresponding to these terms vary depending on imple 
mentation. 

In view of the many possible embodiments to which the 
principles of our invention may be applied, we claim as our 
invention all such embodiments as may come within the 
scope and spirit of the following claims and equivalents 
thereto. 

We claim: 
1. A method of disambiguating device announcements in 

a device connectivity architecture, comprising: 
at a networked computing device operating as a controlled 

device in the device connectivity architecture and inter 
facing with at least one data network link, generating a 
signature value associated with a current network con 
?guration of the networked computing device; 

for plural addresses of the networked computing device, 
producing messages for announcing the respective 
addresses according to a message structure having a 
signature ?eld for containing the signature value; and 

multicasting the messages announcing the connected 
device at the respective addresses including the signa 
ture value in the signature ?eld onto the at least one 
data network link. 

2. The method of claim 1 wherein the message structure 
further has a ?eld for a device identi?er, the method further 
comprising: 

generating a device identi?er of the controlled device; and 
including the device identi?er in the ?eld therefor of the 

multicast messages. 
3. The method of claim 1 wherein the generating a 

signature value comprises generating the signature value as 
a hashing function of a set of addresses per the network 
con?guration. 

4. The method of claim 1 wherein the generating a 
signature value comprises generating the signature value as 
a globally unique identi?er. 
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5. The method of claim 1 further comprising: 
changing the signature value upon a change to the net 
work con?guration of the networked computing device 
operating as the controlled device; 

again multicasting messages announcing respective of the 
networked computing device addresses, including the 
changed signature value in the signature ?eld. 

6. The method of claim 5 further comprising; 
at a second networked computing device operating as a 

control point in the device connectivity architecture, 
receiving via the at least one data network link an initial 
multicast message from the networked computing 
device operating as the controlled device; 

creating a cache entry for the controlled device at the 
second networked computing device operating as the 
control point, the cache entry containing the address 
announced for the controlled device in the initial mul 
ticast message; 

upon receiving a further multicast message announcing 
the controlled device from the networked computing 
device operating as the controlled device at the second 
networked computing device operating as the control 
point and having the changed signature value in the 
signature ?eld of the further multicast message, replac 
ing the cache entry containing the address announced in 
the initial multicast message at the second networked 
computing device operating as the control point with a 
cache entry containing an address announced for the 
controlled device in the further multicast message. 

7. The method of claim 6 further comprising; 
upon receiving another multicast message announcing the 

controlled device from the networked computing 
device operating as the controlled device at the second 
networked computing device operating as the control 
point and having the same signature value in the 
signature ?eld of the further multicast message, retain 
ing the cache entry containing the address announced in 
the initial multicast message at the second networked 
computing device operating as the control point. 

8. A tangible computer readable medium having a soft 
ware program stored thereon for executing on a dual stack 
and/or multi-homed computing device connected on a data 
network link to cause the device to perform a method 
comprising: 

generating a signature value associated with a current 
network con?guration of the networked computing 
device; 

for plural addresses of the device, producing messages for 
announcing respective of the addresses according to a 
message structure having a signature ?eld for contain 
ing the signature value; and 

multicasting the messages announcing the respective 
addresses including the signature value in the signature 
?eld onto the at least one data network link. 

9. The computer readable medium of claim 8 wherein the 
message structure further has a ?eld for a device identi?er, 
the method further composing: 

generating a device identi?er of the device; and 
including the device identi?er in the ?eld therefor of the 

multicast messages. 
10. The computer readable medium of claim 8 wherein 

the generating a signature value comprises generating the 
signature value as a hashing function of a set of addresses 
per the network con?guration. 

11. The computer readable medium of claim 8 wherein the 
generating a signature value comprises generating the sig 
nature value as a globally unique identi?er. 
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12. The computer readable medium of claim 8 wherein 

the method further comprises: 
changing the signature value upon a change to the net 
work con?guration of the networked computing device 
operating as the controlled device; 

again multicasting messages announcing respective of the 
networked computing device addresses, including the 
changed signature value in the signature ?eld. 

13. A tangible computer readable medium having a soft 
ware program stored thereon for executing on a dual stack 
and/or multi-homed computing device connected on a data 
network link to cause the device to perform a method 
comprising: 

receiving via the at least one data network link an initial 
multicast message from another device, the multicast 
message containing a network con?guration signature 
value in a signature ?eld and an address of the other 

device; 
creating a cache entry for the other device to contain the 

address from the initial multicast message; 
upon receiving a further multicast message from the other 

device containing a changed signature value in the 
signature ?eld of the further multicast message, replac 
ing the cache entry containing the address from the 
initial multicast message with a cache entry containing 
an address from the further multicast message. 

14. The computer readable medium of claim 13 wherein 
the method further comprises: 
upon receiving another multicast message from the other 

device having the same signature value in the signature 
?eld of the other multicast message, retaining the cache 
entry containing the address from the initial multicast 
message. 

15. A dual-stack and/or multi-homed device for operating 
in a network as a controlled device according to a device 
connectivity architecture potentially containing other dual 
stack and/or multi-homed devices as control points, the 
device comprising: 

at least one network interface for communicating on at 
least one network link; 

at least one networking protocol stack for communicating 
on the at least one network interface according to a 
respective networking protocol; 

a memory containing device connectivity programming; 
and 

a processor for executing the device connectivity pro 
gramming, 

wherein executing the device connectivity programming 
causes the device to generate a signature value repre 
senting a network con?guration of the device, and to 
multicast plural announcements of different addresses 
of the device onto the at least one network link using 
the at least one networking protocol stack and at least 
one network interface, where the multicast announce 
ments have a signature ?eld containing the signature 
value. 

16. The device of claim 15 wherein executing the device 
connectivity programming further causes the device to 
regenerate the signature value upon a change in the network 
con?guration of the device, and to multicast further plural 
announcements of the device’s addresses with the regener 
ated signature value in the signature ?eld. 

17. A dual-stack and/or multi-homed device for operating 
in a network as a control point according to a device 
connectivity architecture potentially containing other dual 
stack and/or multi-homed devices as controlled devices, the 
device comprising: 
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at least one network interface for communicating on at 
least one network link; 

at least one networking protocol stack for communicating 
on the at least one network interface according to a 
respective networking protocol; 

a memory containing device connectivity programming; 
and 

a processor for executing the device connectivity pro 
gramming, 

wherein executing the device connectivity programming 
causes the device to process announcements from con 
trolled devices received over the at least one network 
link using the at least one networking protocol stack 
and at least one network interface, which announce 

22 
ments contain an address for the controlled device and 

a signature ?eld with a network location signature 
value; to store cache entries containing the addresses 
from the announcements; and upon processing a sub 
sequent announcement received from a same controlled 

device as a previous announcement, to replace the 
cache entry stored for the same controlled device with 
a cache entry containing the address from the subse 
quent announcement and otherwise retaining the cache 
entry for the same controlled device containing the 
address from the previous announcement. 


